ity, electromagnetism, and the weak and strong nuclear forces -the strong force is particularly counter-intuitive,with the highly unusual property of getting stronger as the quarks get further apart.
This feature,comparable to the behaviour of a rubber band as it is stretched, explains why quarks never appear on their own, but always in combinations. Protons and neutrons each contain a triplet of quarks.
In 1973, Gross, with his graduate student Wilczek, and Politzer published two papers back to back in which they outlined the way the strong force operated (D. J. Gross and F. Wilczek Phys. Rev. Lett. 30, 1343; 1973 and H. D. Politzer Phys. Rev. Lett. 30, 1346; 1973) . It had been worked out by then that quarks have a quantized property called 'colour charge' , which is analogous to electrical charge but comes in three 'colours': red, blue and green. The theory that attempted to explain the colour interaction was called quantum chromodynamics (QCD).
Before these two papers, no one knew how to solve the equations of QCD theory. The problem was the sheer complexity of the interaction. Just as electrical forces between particles are mediated by photons passing between them,so the strong force is mediated by particles called gluons. But whereas photons have no electrical charge, gluons do have a colour charge, so they interact with each other as well as with quarks. This meant that "the theory was so strongly interacting that it was incalculable", says Forshaw.
Gross, Wilczek and Politzer got round this problem by calculating that the strength of the colour force gets weaker as the particles' energies increase -or equivalently, as the particles get closer together. At sufficiently high energy, the quarks act as though they are 'free' . This became known as 'asymptotic freedom' .
Their work showed particle physicists that if they wanted to understand the strong force they needed to probe it at high energies, where the weakening of the interaction made QCD a testable theory. Studies of highenergy collisions between particles, in particular at the DESY accelerator in Hamburg and the Large Electron-Positron collider at CERN in Geneva, have now verified in great detail the predictions of asymptotic freedom.
Not all aspects of the strong interaction are understood, however. For instance, there is still no way to use QCD to explain some basic properties of quarks at the relatively modest energies characteristic of everyday matter.
But it is precisely the understandable, high-energy region of QCD that researchers are looking at to find a 'theory of everything' . Modifications of QCD at high energies, for example, should be able to describe the Higgs boson, the particle thought to be responsible for giving matter mass. Daniel Simons of the University of Illinois at Urbana-Champaign and Christopher Chabris of Harvard University brought home the psychology prize for their report, "Gorillas in our midst", which showed that when observers concentrate on one thing -in their study, people passing a basketball back and forth -they can completely overlook something else -such as a man appearing in a gorilla suit.
And the biology prize went to a collaboration from Canada, Denmark, Scotland and Sweden for demonstrating the role of flatulence in herring communications. Accepting his award, Lawrence Dill of Simon Fraser University, Canada, summed up the evening: "It's been a gas," he said.
